Renewable energy has been considered as the solution to the hydra-headed problems of energy security, energy access and climate change, especially in Africa. In addition, renewable energy sources, such as the sun, wind, wave and waste abound in Africa in need of investment. In order to provide both policy and investment guide, this study investigates the drivers of renewable energy demand in oil-producing African countries. Three panel data models a random effect model, a fixed effects model and a dynamic panel data model are used to estimate renewable energy demand with a comprehensive set of determinants. The estimation results indicate that the main drivers of renewable energy in oil-producing African countries are real income per capita, energy resource depletion per capita, carbon emissions per capita and energy prices. The study recommends that policies should encourage the consumption of commercial sources of renewable energy to attract the needed investments.
Introduction
Economic growth has long been considered a solution to unemployment, poverty and equity issues (Boqiang, 2003) making growth the ultimate goal of every economy. This is because economic growth enhances the standard of living and aids the development of human capital. It has further been established that energy is a key a determinant of economic growth (Stern and Cleveland, 2004) . According to Stern and Cleveland (2004) , energy is the pivot on which the wheels of society turn. Energy facilitates heating, lighting, transport, and the transformation of inputs into outputs. Thus, energy is a key factor for economic development. This means that energy challenges such as the oil price crises in 1973 and 1979 and 2008 , climate change and potential depletion of fossil energy sources, present an opportunity to the World to reflect and consider energy issues since they could be a limiting factor to economic growth.
Coupled with these factors, energy access has been a critical challenge to economic development in Africa. Access to modern form of energy is necessary, and a requirement for development since energy has been found to be a key factor of production. However, in sub-Saharan Africa (SSA), just 31% of the population access to modern energy, such as (IEA, 2010) . Out of about 1.4 billion people without access to energy globally, 15% are in SSA. Out of the 587 million people without access to electricity in Africa, 585 million are in SSA. Can one imagine London or New York without electricity for one hour? That will be disaster! Many businesses will come to halt and many will become inefficient without energy. This makes the use of energy indispensable. These statistics therefore threaten sustainable development, may hinder development and prevent many countries from achieving the Millennium Development Goals.
The World Bank (2001) finds a strong correlation between electricity access and reduction in poverty. The study also indicates that efficiency and clean energy is crucial to the reduction of renewable energy, especially the grid connected solar photovoltaic capacity, which grew by 70%. In addition, wind power grew by 29%, solar hot water increased by 15%, and small hydro expanded by 8% (El-Ashry, 2009) . Notably, such investments usually take place in developed economies, such as the European Union. By contrast, the major forms of renewable energy consumption in Africa are biofuels and waste (IEA, 2010) . These traditional and typically unprocessed renewable forms of energy consumption comprise wood fuel, charcoal, animal waste and agricultural residues (Karekezi, 2002) . They trigger both health and environmental effects, such as respiratory diseases, degradation and deforestation (Kantai, 2002) . There is the need to harness the modern forms of renewable energy to curb these problems. According to Deichmann et al. (2011) , Africa has a renewable energy potential in the form of abundant sunshine all year round for solar energy, river and water bodies for hydroelectric dams and wind energy potential. Karekezi et al. (2003) find that only 7% of Africa s hydro potential is harnessed. Since renewable energy investments require huge capital outlay, the drivers of renewable energy need to be examined to guide policy design.
Africa features 1.1 Gigawatts hydropower capacity, 900 Megawatts of geothermal potential, abundance wind and solar potential (Karekezi and Ranja, 1997) . To transform these potential energy resources into energy supply, there is a need for both private and public investment in the sector. This calls for studies that aid renewable energy policy designs and help to make investment decisions in the sector. Unfortunately, few studies have been conducted on renewable energy in Africa. For instance, Bugaje (2006) reviews renewable energy policies of Egypt, Mali, Nigeria and South Africa and finds that (i) the use of fuel wood can create environmental damages, and (ii) Africa has the potential of harnessing the renewable energy potential given the right investment and human capital. Karekezi and Kithyoma (2002) suggest that for Africa to harness its renewable energy potential there is the need for long term planning and financing.
This study contributes to the literature on energy in four main ways: First, we attempt to fill both the literature and policy gap by investigating the impact of energy resource depletion on renewable energy consumption in oil-producing African countries. The inclusion of energy resource depletion allows assessing whether the potential depletion of fossil fuels has effect on the amount of renewable energy consumed. Second, the effect of energy-related carbon emissions on renewable energy demand is evaluated. That is, since carbon emissions in Africa can be attributed to several factors such as bush burning, farming activities and energy consumption, it is prudent to distinguish the effect of energy related emissions on renewable energy consumption. Third, by means of a dynamic panel data model, the effects of past values of renewable energy demand on current consumption are assessed. The study further employs a one-way random effects and fixed effects models with instrumental variables. Fourth, a distinctive feature of the study consists of using a comprehensive set of determinants of renewable energy demand. This paper is organized as follows. Section 2 provides a review of the existing literature on the determinants of renewable energy demand and looks at the relation between renewable energy and sustainable development in Africa. Section 3 summarizes the data and outlines the methodology. Section 4 presents and analyzes research findings. Section 5 concludes and provides policy recommendations.
Literature Review
The need to control the environmental effects of energy consumption and enhance energy security has led to the design of renewable energy policies. An example is the 20-20-20 policy of the European Union, which seeks (i) to reduce greenhouse emissions by 20% (relative to the 1990 level), (ii) 20% improvement in energy efficiency and (iii) increase the share of renewable energy in the energy mix to 20% by 2020. Due to such policies, there has been a gradual increase in studies on the factors that influence renewable energy in Europe in particular and in the developed countries in general. The data envelope analysis is applied to 45 economies by Chien and Hu (2008) Bowden and Payne (2010) study the causality between residential consumption of renewable energy and economic growth in the US from 1946 to 2006 and find a unidirectional causal relation from residential renewable energy consumption to growth. Apergis and Payne (2010) find bidirectional causality in both the short and long-run between renewable energy consumption and economic growth. The literature review reveals two major trends. First, most of the studies on renewable energy concentrate on Europe, Asia, America or developed and emerging countries. In addition, most of these studies test the causal relation between renewable energy and economic growth in a multivariate framework. Studies on renewable energy are important because of the growing concerns over energy security and global warming (Sadorsky, 2009a) . According to the IEA (2006), renewable energy is projected to be the fastest growing energy source between 2010 and 2030. Again, though renewable energy consumption-economic growth causality has been extensively investigated, factors that influence renewable energy demand has received less attention especially in the context of Africa. This study contributes to the renewable energy demand literature by studying these factors. Since there is lack of econometric study on renewable energy demand in Africa, this study seeks to fill this gap.
Renewable Energy and Sustainable Growth in Africa
Africa has been growing in terms of population and development over the last two decades.
According to the International Renewable Energy Agency (IRENA, 2012) , Africa s population will be 2 billion by 2050 with 40% living in rural areas. The accelerated population growth will put pressure on energy resources. The IEA (2012) estimates that in 57% of Africa s population had no access to electricity in 2010. This implies that there is the need to provide modern energy to the present generation and make plans to cater for the future ones. Apart from population, economic growth has also been a vital reason for African economies to develop energy infrastructure. IRENA (2012) posits that 7 out the 10 fastest-growing economies in the world over the last decade are in Africa and projects Africa s growth to seven-fold by 2050. In order to provide sustainable energy that meets both growing population and economy, there is the need to invest in renewable energy.
To begin with, renewable energy sources are indigenous and help to promote self-sufficiency in energy supply. This helps to reduce the impact of price and supply vitality of fossil fuel on the economy. The dependence on renewable energy helps African economies to save the money that would be used to import crude oil. For instance, African economies spent USD 18 billion in 2010 to import crude oil (IRENA, 2012) . This amount exceeds the foreign income Africa received in the same period. Adding the cost of oil imports to that of oil subsidies, Africa stands to gain more if there is investment in renewable energy to reduce dependence on oil.
Secondly, renewable energy offers technologically viable alternative to connect rural areas to electricity in the form of off grid or mini grid systems. This will help businesses in remote areas and improve healthcare and education. Thirdly, because renewable energy sources are locally based, they help create jobs in terms of construction, operations and maintenance for the indigenes and the economy as a whole. These advantages together with the fact that renewable energy is carbon-neutral and non-depletable make it the ideal source of energy for sustainable growth in Africa. Since agriculture in Africa is mostly rain-fed, curbing the impact of energy on the climate will help boost productivity. Karekezi (2002) identifies three main reasons for the growth in renewable energy in Africa. The first reason is the petroleum price increases especially between 1998 and 2011, which induced an increase in import expenditure of African countries. The second reason is the quest of many countries to boost electricity supply and reduce power outages. For instance, countries such as Ghana and Nigeria embarked on power rationing in the past, which had adverse effects on their economic performance. The third reason is the commitment of international bodies to curb global emissions. Though efforts have been made to switch from traditional sources of renewable energy to modern sources, the challenge has been the huge upfront investment required for such energy transition. Due to the huge investments required, estimates of the factors that influence renewable energy demand can serve as a guide to predict potential demand and returns on investment.
The Methodology
In Section 3.1, we present and summarize our data set. In Section 3.2, we outline the model that is used to estimate renewable energy consumption.
Data
Annual data from 1985 to 2010 on renewable energy in metric tonnes of oil equivalent is Since renewable energy in Africa is mainly used for cooking or residential purposes and power generation, the study further uses data on carbon emissions that are generated as a result of electricity production. According to Bhattacharya et al. (2014) , global warming is highly associated with emissions from energy consumption and production. Moreover, as developing countries move from agrarian to manufacturing economies, they produce more energy and hence emit more carbon. This requires the effect of energy-related carbon emissions to be estimated separately.
Please insert Table 1 .0 about here. Over the sample period and across countries, the mean of real GDP is 2,275.90 real USD per capita. Real GDP per capita varies between 104 and 15,597.28 USD per capita. The degree of variability is also witnessed by the standard deviation. Real GDP deviates from its mean on average by 2,235.85 USD per capita. The data for this variable are positively skewed (with the value of the skewness standing at 2.2781) and leptokurtic (with the value of kurtosis of 9.6855).
The latter suggests that the distribution of real GDP across countries and over time features heavy tails, whereas the former suggests that positive deviations from the mean tend to be more dispersed than negative deviations. Overall, positive skewness and kurtosis collectively result in a non-normal distribution, as indicated by the Jarque-Bera test statistic and the associated probability value.
Real capital per capita is measured as a flow variable. It takes on value 618.18 USD on average across countries and over time. Real capital varies dramatically in the sample of country-years, ranging from the value as low as 4.34 USD to as high as 11,463.16 USD per capita. Capital also deviates from the mean on average by 949.69 USD per capita, as indicated by the standard deviation. Large positive skewness (5.3973) and large kurtosis (48.2372) lead to the rejection of normality in real capital per capita.
Oil-producing African countries are populated on average by 27.028 million of inhabitants over the sample period. However, this number varies between 0.601 million and 168.834 million with the standard deviation of 29.311 million. Again, the data are positively skewed (with the value of skewness standing at 2.1637) and highly leptokurtic (with the value of kurtosis estimated at 8.4489). Overall, the null of normality of the data is decisively rejected by the Jarque-Bera test statistic.
Human capital averages 72.78 USD per capita across countries and over time. The data also feature a considerable degree of volatility, as reflected within the range of 1.13 USD and 362.03 USD per capita, and the standard deviation of 71.09 USD per capita. As in the case of real GDP per capita, real capital per capita and population, the data are also positively skewed, with the value of skewness of 1.4284, and leptokurtic, with the value of kurtosis estimated at 4.6259.
Positive skewness and kurtosis jointly result in the non-normality of the data, as witnessed by the Jarque-Bera test statistic and its associated probability.
Energy depletion averages 340.83 USD across countries and over time. Again, the data are highly volatile, with the values ranging from 0 to 7,214.05 USD per capita and the ensuing standard deviation estimated at 747.90 USD per capita. Moreover, energy depletion is positively skewed (with the asymmetry coefficient standing at 4.4662) and highly leptokurtic (the value of kurtosis of 28.9407). Overall, the null of normality is decisively rejected by the Jarque-Bera test statistic.
CO2 emissions per capita are estimated at 0.4991 tonnes per capita across countries and over time. The data vary between 0.0014 and 5.1213 tonnes per capita. The range of variation causes the data to deviate from the sample mean by 1.0449 tonnes per capita. Again, we observe positive skewness (with the asymmetry coefficient standing at 2.9529) and large kurtosis (with the value of kurtosis standing at 10.5158). Subsequently, the Jarque-Bera test statistic provides strong evidence of non-normality in the data.
The price level averages 55.4985 across countries and over time. The price level deviates from its mean by on average 52.3942. The price level is relatively less skewed than the other variables in our study. More specifically, the coefficient of skewness is 0.8933. Likewise, kurtosis (3.5515) is also lower relative to the other variables. Nevertheless, positive skewness and kurtosis cause a significant departure from normality in the data, as the probability associated to the Jarque-Beta test statistic is close to zero. We further test whether the variables are cointegration, that is, whether the share a common stochastic trend. To this end, we used the Kao test for cointegration. The null hypothesis of no cointegration is rejected. We thus conclude that the variables share a common stochastic trend.
The presence of cointegration implies that in a panel data regression, the variables can enter in leovels, and the test statistics follow conventional probability density functions.
The Model
This study seeks to investigate the potential determinants of renewable energy demand in oilproducing African countries. The renewable energy demand is modelled as a function of an array of explanatory variables , , ,
where 1, … , sub-indexes countries and 1, … , index time periods. Equation (1) and energy price ( , ). The relation between renewable energy consumption and economic growth in China is instrumented with labor force and carbon dioxide emissions (Lin and Moubarak, 2014) . Following Chakravorty et al. (1997) , we include energy price and aggregate income as potential determinants of renewable energy demand. In addition, we argue that labor force, human capital, energy depletion and energy-related carbon emissions can trigger changes in renewable energy demand. The inclusion of labor force (as measured by the total size of a country s population) can be rationalized in the following ways. First, labor is a key input to energy production (Wei, 2007) . Second, increasing labor force in the African economy poses a challenge to sustainable development of energy resources. Third, labor is key production factor in the African economy. Education leads to increase in renewable energy demand through innovation (Isoard and Soria, 2001 ). This enhances energy efficiency and productivity since a relatively smaller quantity of renewable energy performs the same function. Energy (particular of non-renewable forms of energy) depletion stimulates the use of alternative forms of energy.
Increases in energy-related carbon emissions lead to a reduction in renewable energy
consumption through the presence of greenhouses gases in the atmosphere, increased levels of pollutions and, consequently, lower crop harvests that are transformed into biomass. Further, since there is no established technology in the literature that transforms inputs into renewable energy (see also Usha Rao and Kishore, 2010) , the linear demand function we propose adheres to the principle of parsimony.
Equation (1) can now be expressed as a linear relation between renewable energy consumption and the explanatory variables. Equation (2) is obtained by writing the resulting equation in a panel form with both cross-sectional and time-specific effects.
, 0
To estimate the renewable energy demand in oil-producing African countries, we estimate a panel-data regression. The use of a panel-data regression in studies of energy demand has been limited (for informative review, see Suganthi and Samuel, 2012) . Specifically, we employ three different panel-data specifications; a one-way random effects model, a one-way fixed effects effects model and the Arrellano and Bond (1991) generalized method of moments (GMM) estimator of a dynamic panel-data model. We use instrumental variables that address the problem of endogeneity among the explanatory variables (Omri et al., 2014) . Additionally, it avoids estimation bias that is associated with the correlation between the lagged dependent variable and the error term.
Empirical Analysis
In Section 4.1, we present and analyze the estimation results. In Section 4.2, we summarize several robustness checks.
Estimation Results
We estimate three panel data models, a one-way random effects model, a one-way fixed effects model and a dynamic panel model. The Hausman test finds no evidence against the assumption that the random effects are uncorrelated with the predictors, thus lending support to the random effects model, as opposed to fixed-effects model. 1 The dynamic panel data model is estimated by using the GMM estimation method, proposed by Arellano and Bond (1991) . The use of an instrumental variable approach to estimate our panel data models address the endogeneity issue of some of the predictors, notably real income per capita 2 (see also Fang, 2011) . To this end, the predictors are instrumented with the first lag of the explanatory variables (the second lag of renewable energy consumption in the case of the dynamic panel data model). In specifications 1 to 7, predictors of renewable energy consumption enter regressions individually, whereas specification 8 employs the entire set of predictors. The estimation results of the one-way fixed effects model and the dynamic panel data model are briefly analyzed in Section 4.2.
Please insert Table 4 .0 about here. (2000) and Sadorsky (2009) and Shabbaz et al (2013) . Since economic growth is vital for renewable energy consumption, it would be policy-prudent to promote the linkage between economic growth and renewable energy consumption. When consumers income increases or profits of firms rise, they can switch to alternative sources of energy. Key to the aforementioned linkage is energy policy pursued by governments in countries such as Ghana, Nigeria, Algeria and Angola, which aim at increasing the contribution of renewable energy to 10% in aggregate energy consumption by 2020. This has led to the introduction of subsidies and economic benefits that encourage the deployment and use of solar and mini-hydro dams.
The estimated effect of capital is significant, albeit not robust in specifications (2) The use of human capital in our models is based on the notion that more educated people are expected to consume more renewable energy due to the awareness of carbon emissions and environmental consequences of energy consumption. Although in specification (4), the coefficient estimate has the expected positive sign, the effect is not significant.
Further, renewable energy has three principal advantages. It is carbon neutral, available and widely distributed geographically and non-depletable. It is expected the depletion of energy resources will lead to higher renewable energy consumption. Indeed, in an attempt to encourage sustainability, policy makers will encourage renewable energy consumption. The estimated effect of energy depletion lends support to our ex-ante expectation. Specifically, an increase in energy resource depletion in 1 USD per capita is associated with the increase in the renewable energy consumption by 0.00536 kg of oil equivalent per capita.
The role of carbon emissions for renewable energy consumption is underscored by Lund (2007).
( Bhattacharya et al., 2014) find that renewable energy is carbon-neutral due to its potential to mitigate the presence of greenhouse gases in the atmosphere. However, the possibility of causal effects running from carbon emissions to renewable energy demand has been ignored the related literature. In this regard, the coefficient estimate in specification (6) suggests the presence of a negative and significant effect of carbon emissions on renewable energy demand. This finding implies that an increase in carbon emissions by 1 tonne per capita reduces renewable energy consumption by 0.691 kg of oil equivalent per capita. One plausible explanation is that declining carbon emissions may boost crop yields and consequently biomass output by alleviating the presence of greenhouse gases.
Consistent with the findings of Mahadevan and Asafu-Adjaye (2007), energy price has an adverse effect on renewable energy consumption in specifications (7) and (8). As price of renewable energy increases, renewable energy consumption reduces. This finding has an important implication for energy production subsidies in Africa. Since price is a vital determinant of renewable energy demand, policy makers should design feed-in tariffs that encourage bulk production for economies of scale and production subsidies that attract investment and reduces price for consumers.
Robustness Checks
Although our empirical analysis is based on the one-way random effects model, the one-way fixed effects model (Table 5 .0) and of the dynamic panel data model (Table 6 .0) are also estimated as a robustness check. The estimation results are reported in Table 5 .0 and Table 6 .0, respectively.
Please insert Table 5 .0 and Table 6 .0 about here.
The estimation results in the one-way random effects model and the dynamic panel data model in general endorse our analysis in Section 4.1. The results suggest that real GDP per capita, and energy depletion have a positive and significant effect on renewable energy consumption. By contrast, energy price has a negative effect on renewable energy consumption. Table 6 .0 also indicates that the lagged renewable energy consumption has a positive and significant effect on the actual value of renewable energy consumption.
The dynamic panel data model estimated using the Arellano-Bond GMM estimator allows testing for over-identification. To this end, we use the Sargan test that is distributed with a ChiSquare probability density function with (p k) degrees of freedom, where p is the instrumental rank and k is the number of estimated coefficients in the model. The Sargan test provides the value of the J-statistic, which is then used to calculate the associated p-value. The null hypothesis that the over-identifying restrictions are valid cannot be rejected for all model specifications.
Finally we also estimate a two-way fixed effects model (results are not reported by are available from authors upon request). The results are in general supportive of the conclusions we reach in Section 4.1.
Conclusion and Recommendation
Although the environmental benefits of renewable energy have been extensively studied, the potential determinants of its demand have received less attention, especially in Africa. In this paper, a one-way random effects model, a one-way fixed effects model and a dynamic panel data model are employed to estimate the effects of energy resource depletion, energy related carbon emissions, human capital development, capital, income and energy prices on renewable energy demand in oil producing African countries. The dynamic panel data model is estimated using the Arellano-Bond GMM estimator. The potential endogeneity issue of the explanatory variables is addressed by using an instrumental variables approach. Further, the Sargan test is employed to check for over identification.
The study finds energy resource depletion and energy-related carbon emissions as drivers of renewable energy demand. The findings also reveal that income growth has a positive impact on renewable energy consumption. Further, consistently with the related literature, energy price has an inverse relation with renewable energy demand.
The main policy recommendations arising from the study are as follows. To begin with, since income per capita increases renewable energy consumption, efforts should be made to remove technological barriers that deny consumers from accessing renewable energy. For instance, whilst the growth rate of most African countries has been encouraging over the last two decades, the volume of consumption of commercial sources of renewables outside hydro such as geothermal, solar and biofuels has not been encouraging to attract the needed investment.
Policymakers should therefore create the necessary investment climate to promote the availability of commercial forms of renewables.
In addition, renewable energy policies should factor education as a medium to through which renewable energy consumption can be increased. Such educational effort should highlight the potential contribution of renewable energy to sustainable development in the face of energy resource depletion. Further, the environmental attractiveness of renewable energy should be highlighted to encourage the consumption of renewable energy.
Finally, commercial policies such as feed-in tariffs, solar panels for individual homes and the opportunity for firms to sell excess renewable energy generated should be encouraged to promote consumption. This will enhance the choice of renewable as a substitute or complement to non-renewable energy for industries especially since power supply is intermittent in Africa.
We also suggest that, subject to availability of data, future studies should look at the determinants of non-commercial sources of renewables (charcoal, fuel wood) and the commercial sources (solar, geothermal) to promote effective renewable energy demand strategy.
FIGURE 1 TIME SERIES PLOTS OF RENEWABLE ENERGY CONSUMPTION IN OIL-PRODUCING AFRICAN COUNTRIES
Notes: This figure depicts time series plots of renewable energy consumption of 12 oil-producing African countries. The sample period runs from 1971 to 2012 for 12 countries (Algeria, Angola, Cameroon, Congo, Democratic Republic of Congo, Côte d'Ivoire, Egypt, Gabon, Ghana, Nigeria, South Africa, Sudan and Tunisia). Renewable energy consumption is measured in kg of oil equivalent per capita. and the price level (consumer price index). The sample period runs from 1971 to 2012 for 12 countries (Algeria, Angola, Cameroon, Congo, Democratic Republic of Congo, Côte d'Ivoire, Egypt, Gabon, Ghana, Nigeria, South Africa, Sudan and Tunisia). Data on human capital are unavailable for Gabon. Therefore, Gabon has been excluded from the sample of country-years used to estimate our panel data models. The model has been estimated using the panel two-stage least squares estimation procedure. In each equation, we use lagged predictors as instruments. Standard errors are reported in parentheses. DW is the Durbin-Watson test statistic for serial correlation of order 1. R2 is the coefficient of determination adjusted by the degrees of freedom. The F statistic (F) tests for collective significance of the explanatory variables. The coefficient estimates highlighted in bold are significant at the significance level of 5%. 
